P roteins known as calcium-activated chloride channels have a central role in processes as diverse as regulating blood pressure in mammals and closing the Venus flytrap (Hartzell et al., 2005) . In 2008, it was discovered that the archetypal forms of these channels are encoded by a gene called TMEM16A (also known as ANO1; Caputo et al., 2008; Schroeder et al., 2008; Yang et al., 2008) . Since this discovery, hundreds of papers have been published about these channels, providing important insights into the relationship between their structure and function. However, relatively little was known about the structure of the channels at the atomic level. Now, in eLife, Raimund Dutzler at the University of Zurich and colleagues -including Cristina Paulino as first author -report that they have used cryo-electron microscopy (cryo-EM) to obtain a nearatomic resolution structure of a mouse TMEM16A channel (Paulino et al., 2017) .
The TMEM16 proteins are also known as anoctamins because it was first thought that all the proteins in the TMEM16A family contained eight (octa) transmembrane domains and had pores that allowed chloride ions and other anions to traverse membranes. However, the use of this name has been controversial because many of the TMEM16 proteins are not, in fact, anion channels, despite the similarity in their amino acid sequences. Rather, most of them are phospholipid scramblases that passively transport phospholipid molecules between the two lipid layers of cell membranes (Suzuki et al., 2010; Bevers and Williamson, 2016) .
Phospholipids are amphipathic: they contain a hydrophilic ('water-loving') head attached to a hydrophobic ('water-hating') tail. When they assemble into membranes, the tails of the phospholipids in the outer layer orient towards the tails of the phospholipids in the inner layer so that the membrane has a hydrophobic core and hydrophilic surfaces. The Dutzler laboratory revealed how TMEM16 scramblases transport lipids between layers when they solved the X-ray structure of a fungal phospholipid scramblase known as nhTMEM16 (Brunner et al., 2014) . This structure showed that these scramblases are made of pairs (dimers) of TMEM16 molecules. Each 'subunit' in the dimer has an unusual hydrophilic furrow on its surface that allows the heads of the phospholipids to move from one layer to the other while their tails remain in the hydrophobic core of the membrane.
The X-ray structure of nhTMEM16 sparked many questions about the differences between the structures of the scramblases and the ion channels. Unlike the scramblases, which transport amphipathic phospholipids, TMEM16A channels support the passage of small hydrophilic anions. It was initially hypothesized that TMEM16A subunits might form dimers with their hydrophilic grooves facing one another to create a single hydrophilic pore in the center (Brunner et al., 2014) . However, this hypothesis was called into question by studies that demonstrated that TMEM16A dimers have two separate pores (Jeng et al., 2016; Lim et al., 2016) . We suggested that the pore is composed of both proteins and lipids (Whitlock and Hartzell, 2016) , but this model is now challenged by the new structure of mouse TMEM16A. Paulino et al. now show that the mouse TMEM16A channel, like the nhTMEM16 scramblase, forms dimers with each subunit having 10 helices that span the membrane. Instead of being an open furrow, the ion-conducting pore in the channel is enclosed by protein along most of its length. This is due to a structural rearrangement that brings the two helices that form the edges of the furrow in nhTMEM16 together in TMEM16A to enclose the pore (Figure 1) . The pore is shielded from the hydrophobic core of the membrane for about two-thirds the distance across the membrane while the remainder is open to the lipids and cytoplasm.
This model confirms the double-barreled nature of TMEM16A (Jeng et al., 2016; Lim et al., 2016) : each subunit of the dimer has its own pore with the interface between the two formed largely by just one helix in each subunit. Confidence in the overall structural model is provided by experiments using mutagenesis to substitute positively charged amino acids in the pore with neutral ones. The effects of these substitutions are consistent with the idea that altering the charge of the pore will affect the ability of anions to move through the pore.
Several key questions remain. It is very likely that the TMEM16A structure described here is the conformation of the protein when it is bound Figure 1 . Comparison of a TMEM16 scramblase and a TMEM16 chloride channel. The fungal nhTMEM16 protein (left), which acts as a lipid scramblase, and the mouse TMEM16A protein (right), which operates as a chloride ion channel, both contain 10 alpha helices (shown here as colored cylinders) embedded in the membrane. Only one subunit of the dimer is shown. The lower end of each protein faces into the cell, while the upper end faces outwards. While there are small differences in the relative locations of most of the helices, the biggest difference between the two proteins is the position of helix 4: in nhTMEM16 helix 4 is quite close to helix 3, which leads to the formation of a furrow by helices 4, 5 and 6; in TMEM16A helix 4 is further away from helix 3, and closer to helix 6, which leads to the formation of a narrow pore by helices 3-7. The furrow is able to transport lipids such as phosphatidylcholine (shown here), whereas the pore can transport chloride ions (pink sphere).
Fisher and Hartzell. eLife 2017;6:e27933. DOI: 10.7554/eLife.27933to calcium ions because it was purified in the presence of high levels of calcium ions. However, it was not possible to determine the exact locations of individual amino acids within the pore, so the details of the geometry of the pore remain uncertain. Since TMEM16A readily inactivates in the presence of high levels of calcium ions (Lim et al., 2016) , this structure could conceivably represent a state that does not conduct ions.
The narrowest part of the pore in the cryo-EM structure is estimated to be 3.6 angstroms wide, which is exactly the diameter of a chloride ion. This raises the question of how the pore could accommodate the passage of larger ions, such as iodide and tricyanomethanide, which are also known to be able to move through TMEM16A channels (Qu and Hartzell, 2000; Schroeder et al., 2008) . In spite of this ambiguity, the findings of Paulino et al. are an essential step forward in understanding how chloride ions pass through TMEM16 channels and the evolutionary relationships between the members of this protein family. 
